Individuals in each of these populations have greater vulnerability to infection than individuals in the general "healthy" population, due to decline or aberrations in immune system function. 3, 4 While the need for vaccination in higher-risk populations is well acknowledged 3 and recommended by the National Advisory Committee on Immunization (NACI), 1 vaccination of these groups-particularly for immunocompromised patients-continues to be an area of uncertainty for many primary care clinicians. Questions regarding which vaccines to administer, the efficacy and timing of vaccine administration with respect to timing of immune-compromising treatments, along with disease-specific concerns (e.g., potential flares in patients with autoimmune disease), all contribute to such uncertainty. These ambiguities have caused many higherrisk patients to rely on their specialists 3 to either administer the vaccines themselves or provide specific directives to the primary care provider. However, surveys indicate that even among specialists who consider vaccination important, it may not be given the attention it deserves. 5
Pharmacists uniquely poised to play sentinel role
To help address the unmet need for vaccinating higher-risk individuals, pharmacists are well positioned to both recommend and administer vaccinations, particularly as scope of practice continues to expand across Canada. Notably, while many vaccinations are Schedule II, as per the National Association of Pharmacy Regulatory Authorities (NAPRA) Guidelines (and can thus be given without a physician's prescription), some pharmacists have obtained medical directives to initiate Schedule I vaccinations independently. Pharmacists also have a unique opportunity to play a "sentinel role" in identifying patients at increased risk of infection, as multiple points of contact (e.g., for prescription refills) provide opportunities to evaluate an individual's vaccination status (Table 1 ). In this context, vaccination checklists can be very helpful in guiding decisions for vaccines that may be delivered at the pharmacy (depending on product availability and potential funding) or in other health care settings. 5, 6 For all higher-risk populations, the minimum requirement is to follow NACI guidelines for adult vaccinations, including tetanus every 10 years, annual influenza vaccination, herpes zoster vaccination at age 50 and pneumococcal vaccination for adults ≥65 years. 7
Adults over 65 years
The rationale for vaccination in older adults is well documented, primarily based on waning of immune system function as observed with aging, a process known as immunosenescence. 3, 8 While individuals over 65 years have increased susceptibility to infections and their complications, vaccination rates in this population are suboptimal. The 2016 adult National Immunization Coverage Survey demonstrates that among adults ≥65 years, only 65% received influenza vaccine and only 42% received 1 dose of a pneumococcal vaccine. 9 Both vaccination rates fell well under the national goals of 80% coverage. Herpes This series of articles has been accredited for 1.75 CEUs under CCCEP file #: 8002-2019-2888-I-P. To earn your CEUs, please review each article, then click on www.pharmacists.ca/immunizers to complete a series of short assessments.
PHArmAciSTS AS immUNiZerS zoster (HZ) vaccine coverage is also very low, estimated at 8% in adults ≥60 years from 2009 to 2013 in Alberta, where the vaccine is not publicly funded. 10 To protect older adults against influenza, 2 vaccines tailored specifically to address declining immune function are currently licensed in Canada: high-dose trivalent inactivated vaccine (HD-TIV; Fluzone High-Dose) and adjuvanted trivalent inactivated vaccine (aTIV; Fluad). Standard-dose TIV and quadrivalent inactivated vaccine (QIV) formulations are also available and can be administered to adults ≥65 years. At the programmatic level, NACI currently recommends that any of these 4 vaccines should be used, whereas at an individual level, NACI currently recommends that HD-TIV should be offered over standard-dose TIV to persons ≥65 years. 11 Individual jurisdictions make annual decisions regarding specific influenza vaccines (and quantities) to be distributed through publicly funded programs at physician and public health clinics, pharmacies and long-term care facilities. While pharmacy access to publicly funded HD-TIV and aTIV has been relatively limited across Canada to date, 12, 13 it is anticipated that pharmacist provision of these enhanced vaccines will expand in the future. Since influenza vaccination protects older adults against influenza and related complications, 14, 15 including frailty, disabilities, cardiovascular events, hospitalization and even death, pharmacists have a tremendous opportunity to reduce influenza and its adverse outcomes.
For immunocompetent adults ≥65 years, pneumococcal vaccination with the polysaccharide vaccine PNEU-P-23 (Pneumovax 23) is recommended by NACI. 16 More recent recommendations for pneumococcal vaccination with the conjugate vaccine PNEU-C-13 (Prevnar 13) in series with PNEU-P-23, as well as HZ vaccination in older adults, are covered elsewhere in this special section.
High-risk individuals: Immunocompromising conditions
In general, immunocompromised persons are more susceptible to vaccine-preventable infections and may have severe infections. 17 Yet vaccination rates in high-risk immunocompromised individuals are currently suboptimal. 3, 18 For example, in patients awaiting transplant, who will be on lifelong immunosuppressive treatment, rates of vaccination are reported to be low. Among 362 waitlisted kidney transplant patients in the United States, only 55% of patients had completed vaccination for influenza, 35.9% for pneumococcus, 6.9% for HZ and 2.5% for tetanus, thus demonstrating a significant gap between recommendations and vaccine uptake in clinical practice among this high-risk population. 19 For influenza vaccination, the role of HD-TIV in immunocompromised individuals is being investigated, 20 more recently including patients with rheumatoid arthritis (RA). In a randomized controlled trial of RA patients on immunosuppressive medications, immune response to vaccination was consistently higher in the HD-TIV arm (vs the standard-dose TIV arm), with no increase in disease activity observed in this cohort. 21 It is important to consider that immune-compromising treatments may potentially affect the effectiveness of the influenza vaccine. A recent Korean study of stable RA patients on methotrexate (MTX) compared the immune response when MTX was withheld for 2 weeks after administering the influenza vaccine. 22 Results indicated a significant increase in antibody titres compared to not withholding MTX. Although the primary concern related to withholding MTX is risk of flare, in this study of well-controlled patients, flare rates were the same for patients whose MTX was withheld vs the control arm. Further research is required to assess the impact of withholding MTX on immunogenicity outcomes following influenza vaccination in individuals for whom RA is less well controlled. At present, withholding MTX is a judgement call made by rheumatologists for individual RA patients.
With regard to pneumococcal vaccination, patients with immunocompromising conditions have the highest risk of both invasive pneumococcal disease (IPD) and communityacquired pneumonia (CAP). 2 Vaccination should be initiated in these high-risk individuals as soon as the risk(s) are identified, often well before age 65. Since PNEU-P-23 and PNEU-C-13 are not live vaccines, they may be given at any time while on immunosuppressive therapy. However, the ideal time to vaccinate is 2 weeks before initiating such treatment, since immune protection is generally established 2 weeks after vaccination.
NACI recommends the use of PNEU-C-13 in immunocompromised adults ≥18 years, including hematopoietic stem cell transplant (HSCT), HIV and other immunocompromising conditions (asplenia, sickle cell disease, congenital immunodeficiencies, immunosuppressive therapy, malignant neoplasms and solid organ or islet cell transplant). 23 In these high-risk populations, PNEU-C-13 is to be given first, followed 8 weeks (or more) later by PNEU-P-23 to obtain optimal protection against 23 pneumococcal serotypes. Further details regarding dosing, sequencing and timing of PNEU-C-13 and PNEU-P-23 vaccination for specific high-risk populations are provided in the NACI statement. 23 For many of these patient groups, public funding programs are currently in place in several Canadian jurisdictions to cover vaccination with PNEU-C-13 in series with PNEU-P-23, although vaccination occurs primarily through physician and/or public health clinics.
For HZ, the risk of infection increases with age; NACI currently recommends vaccination of all adults ≥50 years. 24 In immunocompromised populations, the risk of HZ is greater than that of the immunocompetent population at ages much lower than 50, particularly for patients with HSCT, lupus and RA. 25 Given the evidence of increased risk in younger adults with immunocompromising conditions, many specialists are considering vaccination against HZ before the age of 50. However, both HZ vaccines licensed in Canada are only indicated for adults ≥50 years. The PHArmAciSTS AS immUNiZerS recombinant subunit zoster vaccine, RZV (Shingrix), is nonlive and therefore is considered safe for immunocompromised populations and also offers higher protection than the live attenuated zoster vaccine, LZV (Zostavax II). Notably, since the efficacy of RZV has not been studied in patients with autoimmune diseases, the potential risk of flare of their condition has not been assessed. NACI guidelines nonetheless suggest use of RZV for this population. 24 To assist in implementing NACI and other available guidelines and to fill an unmet need in vaccinating immunocompromised individuals, pharmacists have taken a lead role in developing practical tools to improve vaccination coverage. For example, protocols have been published 5 and other resources have been developed by pharmacists 26 (and jointly with other specialists 27 ) for vaccinating patients receiving immunosuppressant therapy. National vaccination guidelines have also been published in 2019 by a group of multidisciplinary Canadian physicians for patients taking immunosuppressive therapies, including synthetic disease-modifying antirheumatic drugs (DMARDs) and biologics, for treatment of autoimmune and inflammatory diseases. 18, 28 These guidelines serve to inform and encourage communication among specialists, family physicians, pharmacists and other immunizers on issues regarding safety and efficacy of vaccines in patients taking immunosuppressive therapies.
At-risk individuals: Chronic conditions
Immunocompetent individuals with 1 or more chronic medical conditions, including chronic heart disease, COPD, asthma or other chronic lung disease, diabetes and other chronic conditions, are at increased risk of infectious disease. 2, 3 However, these at-risk populations generally remain underimmunized. As 1 example, in Canadian adults 18 to 64 years with a chronic medical condition, influenza vaccine coverage was reported at 39%, well below the national goal of 80% (2017/18). 29 Table 1 Touch points for vaccination in pharmacy practice all higher-risk populations
During influenza vaccination
• • While patients complete screening questions prior to influenza vaccination, an adult vaccination checklist can be reviewed. 6 This provides an annual opportunity for multiple vaccines to be updated beyond influenza.
During a medication review • • Many provinces offer compensation to pharmacists for annual medication reviews, with the opportunity for shorter follow-up appointments that may include review of an adult vaccination checklist. This can be particularly helpful in identifying and proactively vaccinating patients with immunocompromising and chronic conditions (including diabetes and chronic obstructive pulmonary disease).
When dispensing a medication for infection
• • When an antibiotic is dispensed for a bacterial respiratory infection, this provides a teachable moment to have the patient return for vaccination once the infection has resolved. Pharmacists can schedule a reminder call 3 to 4 weeks later to book a vaccination consult or, at minimum, send a referral note to the primary care provider. • • For viral conditions such as herpes zoster (HZ), an episode of HZ in itself offers immune protection for a minimum of 1 year. The National Advisory Committee on Immunization suggests vaccination with recombinant subunit zoster vaccine 1 year after a herpes zoster outbreak. 24 Pharmacists can set a reminder to contact the patient at that time for a vaccination consult.
Immunosuppressed populations
Prior to initiating chemotherapy • • Patients will often inform their pharmacist of a cancer diagnosis before treatment is initiated. This presents an opportunity to update adult vaccinations.
While on an organ transplant list • • Patients with impaired organ function (liver/kidney/heart) awaiting transplant will receive immunosuppressive treatment for life after receiving the transplant. As soon as becoming aware of a patient in this situation, the pharmacist should ensure adult vaccines are updated.
Prior to initiating an immunosuppressive treatment for rheumatoid arthritis • • Patients presenting with a prescription for disease-modifying antirheumatic drugs (such as methotrexate, leflunomide or biologic therapies) should have their adult vaccinations updated prior to treatment initiation. Wherever possible, allow 2 weeks for immune response before starting immunosuppressive therapy.
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For pneumococcal disease specifically, a retrospective analysis of US claims data showed that at-risk adults with ≥2 concurrent comorbid conditions had incidence rates that were as high as or higher than rates observed in high-risk adults with immunocompromising conditions. 2 This phenomenon of "risk stacking" was observed for adults aged 18 to 49, 50 to 64 and ≥65 years. These data support the conclusion that pneumococcal vaccination should not be limited to adults ≥65 years; vaccination should also be offered to younger adults (<65 years) with chronic conditions. Current NACI guidelines recommend the use of PNEU-P-23 in these populations. 23 Recognizing the need for increased protection in more vulnerable populations, disease-specific guidelines, including Diabetes Canada's 2018 Clinical Practice Guidelines 30 and Health Quality Ontario's 2018 Quality Standards for patients with COPD 31 (including those on immunosuppressive corticosteroids), have been developed for certain at-risk groups. These guidelines underscore the importance of influenza vaccination in patients with diabetes and COPD, while emphasizing their need for earlier pneumococcal vaccination than in the general "healthy" population. For adults with various chronic conditions, public programs for pneumococcal vaccination vary across the country. However, the newer PNEU-C-13 vaccine should be offered (in series with PNEU-P-23) to these at-risk individuals, for additional protection against pneumococcal disease, particularly CAP.
Integrating vaccination into pharmacy practice
Health care practitioners should aim to provide personalized vaccination plans for higher-risk populations, depending on individual medical status, treatment programs, and immunological potential. 4 As frontline clinicians, pharmacists should vaccinate higher-risk patients and seize the opportunity to advocate, facilitate and ultimately vaccinate these susceptible populations to prevent infectious disease. 5 Table 1 presents examples of touch points for vaccination of higher-risk patients in pharmacy practice. Particularly for patients on immunosuppressive therapies, aggressive approaches to vaccination are required to help achieve the desired outcome of disease modification. Box 1 summarizes key points for pharmacists in proactively immunizing higher-risk populations. ■ bOX 1 Key points for higher-risk populations 1 . For adults ≥65 years, pharmacists should play a lead role in increasing vaccine access and optimizing vaccination rates, particularly for influenza and pneumococcal vaccines. This role is anticipated to expand as more vaccines (e.g., HD-TIV, aTIV and PNEU-C-13) become available (and/or are publicly funded) specifically through pharmacies. 2. Pharmacists are uniquely positioned to identify patients with immunocompromising and chronic conditions (i.e., through medication reviews or other touch points) and can thus help improve vaccination coverage in these vulnerable populations.
• Response to vaccination decreases with age and may be blunted in these populations at an earlier age than the general population, so early vaccination is prudent. 3. For immunocompromised patients specifically:
• Proactive assessment of vaccination status and early administration of required vaccines (e.g., upon identifying high-risk status or prior to immunosuppressive therapy) can prevent later infectious complications. • All nonlive vaccines can be administered to high-risk individuals who are taking immunosuppressive therapies. Where possible, ideal timing is 14 or more days prior to treatment initiation for maximum benefit. When a biologic treatment is being discontinued, 3 half-lives after stopping therapy is also a good time to vaccinate to achieve maximum benefit. 27 • Live vaccines should generally not be administered in patients taking immunosuppressive treatments, although there may be some exceptions when live vaccinations could be appropriate under the guidance of a specialist in immunodeficiency.  Live vaccines should be administered a minimum of 2 weeks (ideally 4 weeks) prior to starting immunosuppressive therapy, since live virus exposure is most predominant 2 weeks after administering a live vaccine but can linger up to 4 weeks. 28  For patients already on immunosuppressive therapy who need a live vaccine, immunosuppressive treatment interruption will be required and will vary based on the therapy used. 27, 28 • Corticosteroids are immunosuppressive and may blunt vaccination benefit. For example, prednisone doses ≥10 mg per day may blunt responses to influenza vaccination, while doses ≥20 mg per day may blunt responses to pneumococcal and other vaccinations. Waiting until prednisone is weaned to <20 mg per day (or <10 mg per day prior to influenza vaccination) may enhance the immune response. 28 PHArmAciSTS AS immUNiZerS C. Whiskin is a pharmacist with Charlton Health Inc., Hamilton, and N. Cutcliffe is a BioPharma Consultant in Toronto, Ontario. Contact hugapharmacist@ hotmail.com.
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